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Reply to Popple and Levi (2002)
In Keeble and Hess (1998) and subsequently (Keeble
& Nishida, 2001) we showed that alignment performance
in a three-Gabor alignment task was impaired when
patches which were oblique to the stimulus conﬁguration
were employed, rather than patches which were orthog-
onal or collinear. As part of this study we showed that
for a wide range of conﬁgurations (all vertical, all hori-
zontal, inner vertical with outer vertical, inner horizontal
with outer horizontal) thresholds were the same within
the limits of experimental error, thereby verifying and
extending the results of Hess and Holliday (1992) and
Kooi, De Valois, and Switkes (1991). The key point is
that because thresholds are the same for collinear and
orthogonal conditions the mechanism mediating this
task cannot be primarily dependent on the positions
or orientations of the internal structure of the patches.
In other words, performance cannot simply be medi-
ated by the responses of a large oriented linear ﬁlter
overlying all three patches. This result, and the similar
thresholds found using bull’s eye and Gaussian patches
instead implicates an envelope-based mechanism.
Popple and Levi (2002) purport to have shown that
there is, averaged across many subjects, a small im-
provement in performance for the three-patch alignment
task where the patches are collinear compared to one
instance when they are orthogonal, and take us to task
for having violated ‘‘accepted modes of scientiﬁc rea-
soning’’. There are some instances in scientiﬁc enquiry
where establishing that a quantity or diﬀerence is iden-
tically equal to zero is of deep signiﬁcance. One such is
the question of whether the neutrino has a non-zero
mass, because even a very small mass for the neutrino
would bear on the issue of whether the Universe is
closed (Perkins, 1982). There does not appear to be a
particularly vital issue at stake in the result of Popple
and Levi. It is well known that in the case of closely
spaced micropatterns there is a large eﬀect of micro-
pattern properties on alignment performance, and that
this eﬀect falls oﬀ rapidly with increasing separation
(Levi & Waugh, 1996). It is therefore rather obvious that
at any separation a cue can be available which is de-
pendent on internal patch properties, in addition to the
envelope-based cue. An interesting question is how the
fall-oﬀ in ﬁrst-order cue utilization with separation can
be modelled using linear oriented ﬁlters (Whitaker &
MacVeigh, 1991).
There are a number of methodological problems
which make it diﬃcult to take the study of Popple and
Levi (2002) as being deﬁnitive. (1) Approximately half of
the subjects employed were amblyopes, using their fel-
low eyes (Popple, 2001). Although it can be legitimate to
use the fellow eye of subjects who have visual disorders
it may be unwise to base a conclusion about a small
eﬀect on a heterogenous population of subjects. This is
particularly true in this case as there is evidence that the
fellow eyes of amblyopes can exhibit abnormalities in
the perception of ﬁrst- and second-order patterns, some
of this coming from Levi’s Lab (Giaschi, Regan, Kraft,
& Hong, 1992; Wong, Levi, & McGraw, 2001a,b). It
should also be noted that many of the ‘‘normal’’ subjects
of Popple and Levi have rather poor thresholds. It may
be that with additional training the disparity between
thresholds for the two conditions would disappear. (2) It
is well known that there are retinal anisotropies with
respect to acuity and detection (Anderson, Mullen, &
Hess, 1989). Although the Gabor patches used are well
above threshold (45%), it is conceivable that the small
eﬀect reported is due to the diﬀerence in orientation of
the centre patch, independent of the diﬀerence in con-
ﬁguration. A simple test of this would have been to ro-
tate the entire stimulus by 90 and see if the small
disparity in thresholds reversed. (3) It is important to
note that the curved line drawn through the data of
Popple and Levi does not constitute a curve ﬁt, and will
exaggerate the size of the purported eﬀect compared to
a proper least-squares ﬁt. Additionally, no adequate
rationale is given for the assumption that all subjects
will exhibit a carrier sensitivity of 1/4.5 arcmin—despite
showing very diﬀerent sensitivities to the envelope cue.
A more plausible assumption would seem to be that
sensitivity to envelope and carrier cues would covary
across subjects, leading to a straight-line model for the
data presented by Popple and Levi.
But despite the methodological imperfections in the
results and modelling of Popple and Levi, is it true to
say that there are no eﬀects of collinearity on the align-
ment of well-separated patches? Probably not. One of us
has shown that even at this separation of 1600 systematic
changes to the phase of the carrier in the outer two-
Gabor patches with respect to the phase of the inner
patch produces a bias (not a change in the accuracy as in
the current debate) in the perceived point of alignment
for the patch envelopes (Whitaker, McGraw, Keeble, &
Skillen, 2002).
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